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RELATION  OF  CANYON  PHYSIOGRAPHY  TO  THE  INCIDENCE 
OF  BLISTER  RUST  IN  THE  CENTRAL  SIERRA  NEVADA 


By  Clarence  R.  Quick 
Forest  Pathologist 


Unite  pine  blister  rust  (Cronartium  ribicola  Fischer)  was  first 
found  in  California  on  sugar  pine  in  1936  near  the  site  of  Monumental, 
northeast  of  Gasquet  in  Del  Norte  County  (Uagener  and  Mi e Ike,  193^)- 
This  destructive  fungus  disease  of  white  pines  had  spread  south  from 
British  Columbia  where  accidentally  it  had  been  introduced  from  Europe 
about  1910  (Mielke,  19U3). 

By  1950,  blister  rust  on  sugar  pine  had  spread  by  a  series  of  ''wave" 
extensions  over  most  of  northern  California,  largely  in  the  meteorologi- 
cally favorable  years  of  193°^  19^Q>  2-9hh}  and  19^3.     The  disease  moved 
down  the  Cascade -Sierra  Nevada  mountain  chain  to  Herring  Creek,  near 
Pinecrest,  Tuolumne  County.     There  is  no  known  infection  on  pine  south  of 
this  area.     Frequency  and  intensity  of  infection  seem  to  taper  off  rapidly 
from  the  Middle  Fork  of  the  American  River  south  to  the  North  Fork  of  the 
Mokelumne  River.     There  also  seems  to  be  an  unexplained  and  rather  abrupt 
decrease  in  rust  incidence  in  the  vicinity  of  Plummer  Ridge,  between  the 
North  Fork  and  the  Middle  Fork  of  the  Cosumnes  River.     Only  two  or  three 
spots  of  blister  rust  on  sugar  pine  are  known  south  of  this  ridge. 

Toward  the  southern  limits  of  pine  infection,  blister  rust  commonly 
occurs  in    pockets.  1    A  small  area  of  infection  is  commonly  surrounded  by  a 
completely  uninfected  area  and  may  be  separated  from  other  'infection 
centers    by  many  miles  of  uninfected  area.     These  infection  centers 
commonly  occur  in  areas  that  are  moister  and  cooler  than  the  average, 
but  for  no  readily  apparent  reason  many  similarly  moist  cool  areas  are 
not  infected  with  rust.     This  obvious  spottiness  of  disease  occurrence 
suggested  a  study  of  the  physiography  of  the  southernmost  area  that 
supports  enough  infection  centers  for  statistical  investigation. 

Sugar  pine  infection 'is  widespread  and  abundant  over  large  areas  in 
northwest  California.     In  the  southern  Cascade  Range  and  in  the  northern 
Sierra  Nevada,  rust  infection  is  rather  generally  distributed.  Toward 
the  southern  limit  of  rust  infection  in  the  central  Sierra  Nevada,  the 
disease  tends  strongly  to  occur  along  streams,  especially  in  canyons  and 
in  upper  stream  basins. 

This  paper  is  a  study  of  the  relation  between  the  geographic  and 
physiographic  characteristics  of  canyons  and  the  occurrence  of  blister 
rust  on  sugar  pine.     All  infection  centers  included  in  the  study  were  in 
canyons,  or  in  basins  near  the  heads  of  drainages.     By  analyzing  the 
characteristics  of  infection  centers,  we  hoped  to  find  a  method  of 


defining  the  probable  spots  where  blister  rust  might  develop  south  of  its 
known  extent.     If  such  a  method  can  be  found  and  proved  in  use,  appreci- 
able economies  can  be  made  in  the  program  of  ribes  eradication  to  protect 
sugar  pine. 

Conditions  of  Rust  Infection 

The  fungus  has  a  complex  life  cycle  (Miller,  Kimmey,  and  Fowler, 
1959)-     Moisture  plays  a  dominant  role  in  the  development  of  the  disease 
(Kimmey  and  Wagener,  1961).     The  fall  stage  of  the  rust,  the  infection 
of  new  pines  by  delicate  sporidia,  fortunately  is  restricted  by  exacting 
requirements  of  cool  temperatures  and  high  humidities.  Intensification 
of  rust  on  pines  within  areas  of  infection,  as  well  as  first  establish- 
ment on  pines  in  new  areas,  is  largely  dependent  upon  effects  of  weather 
on  these  delicate  ribes -to -pine  spores  which  must  promptly  infect  white 
pine  needles,  or  perish. 

The  exacting  requirements  of  high  humidity  and  cool  temperatures 
for  sugar  pine  infection  are  most  frequently  met  in  the  central  Sierra 
Nevada  during  and  just  after  fall  storms.     The  passage  of  an  easterly 
moving  storm  center  over  the  general  study  location,  or  close  enough  to 
the  north  to  cause  two  or  more  rainy  days  in  late  fall,  often  is  suffi- 
cient to  cause  pine  infection  if  ribes  on  the  area  are  infected.  Higher 
areas,  generally  moister  and  cooler  because  of  altitude,  may  be  infected 
during  earlier  fall  storms  than  those  which  infect  lower  areas.  During 
many  fall  storms  in  California,  masses  of  relatively  warm  moist  marine 
air  are  drawn  up  the  western  slopes  of  the  central  and  northern  Sierra 
Nevada.     This  general  movement  of  marine  air  is  due  to  the  counterclock- 
wise spiralling  of  surface  winds  toward  low  pressure  storm  centers  and 
to  the  common  west -to-east  track  of  fall  storms  across  northern  Califor- 
nia, Oregon,  or  Uashington.     Rain  may  or  may  not  fall  on  sugar  pine 
forests  in  the  Sierra  Nevada  during  any  specific  storm  passage,  but  as 
air  from  low  altitudes  ascends  the  western  slope  of  the  range  it  expands 
with  altitude,  becomes  cooler,  and  is  less  able  to  hold  water  in  vapor 
form.     If  the  air  mass  is  moist  enough  as  it  starts  out  of  the  lowland, 
the  dewpoint  is  reached,  and  fog  or  clouds  are  produced  at  ground  level 
before  the  air  mass  is  pushed  eastward  across  the  summit  of  the  mountains 
into  the  Great  Basin. 

Relation  of  Relative  Humidity  to  Altitude 

Increase  in  relative  humidity  of  an  air  mass  with  an  increase  of 
altitude  is  described  in  many  texts  on  meteorology,  commonly  under  the 
title  of  adiabatic  lapse  rate.     The  theoretical  effect  of  altitude  on 
temperature  and  the  percent  saturation  of  air  rising  adiabatically  can 
be  computed  by  using  the  Smithsonian  Meteorological  Tables  (Li3t,  1951) 
and  Albright's  table  l6  (Albright,  1939,  p-  150)  in  conjunction  with  the 
NACA  (National  Advisoiy  Committee  for  Aeronautics)  generalization  that 
the  normal  standard  temperature  lapse  rate  with  altitude  is  0.003566°F 
per  foot  of  altitude  (List,  1951)-     For  example,  assume  that  during  a 
fall  storm  the  relative  humidity  of  a  specific  air  mass  at  1,000  feet 
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altitude  is  60.6  percent  and  that  the  air  mass  temperature  is  5^°F.  If 
this  air  mass  is  adiabatically  pushed  up  the  slope  of  the  Sierra  Nevada 
to  5,000  feet  altitude,  the  theoretical  temperature  will  have  dropped  to 
^0°F,  and  the  de\/point  will  have  been  reached.     If  an  adequate  supply  of 
condensation  nuclei  in  the  air  mass  is  present,  clouds  or  fog  will  form 
at  ground  level. 

Selection  of  Rust  Infection  Centers 

Since  193&,  "blister  rust  control  personnel,  principally  D.  R.  Miller, 
now  of  the  Regional  Office,  U.S.  Forest  Service,  San  Francisco,  have  kept 
detailed  records  on  the  location  and  intensity  of  pine  infection.  In 
general,  each  record  concerned  a  restricted  area  of  infection.     This  so- 
called  infection  center  ranges  in  size  from  one -half  to  10  acres.  Each 
center  is  described  in  blister  rust  records  and  is  carefully  located  in 
terms  of  General  land  Office  description  (quarter  section,  section,  town- 
ship,  and  range). 

Sugar  pine  infection  data  commonly  included  as  a  minimum  (a)  number 
of  sugar  pine  trees  examined  for  the  rust,  (b )  number  of  sugar  pines  found 
infected,  and  (c)  total  number  of  blister  rust  cankers  observed. 

All  data  used  in  the  following  analyses  were  derived  from  infection 
centers  on  the  Eldorado  National  Forest,  and  all  records  from  such  centers 
collected  through  1953  were  scrutinized.     In  general,  all  records  from 
infection  centers  where  100  or  more  sugar  pine  trees  had  been  inspected 
for  blister  rust  were  included  in  the  analysis.     Occasionally,  one  of  two 
closely  adjacent  infection  centers  was  used  to  represent  the  area.  Uncer- 
tainties in  jibing  scouting  records  with  topographic  maps  caused  rejection 
of  one  or  two  centers.     Records  of  1^  rust -infected  spots  were  finally 
selected  and  used  in  the  first  set  of  analyses  (table  1). 

Physiography  of  Infection  Centers 

Several  geographic  and  physiographic  factors  were  compiled  or  computed 
for  each  infection  center  chosen  for  analysis.     All  of  these  factors  are 
concerned  in  one  way  or  another  with  the  amount,  the  coolness,  and  the 
moistness  of  air  moving  over  sugar  pine  areas  at  specific  times.     They  are 
considered  the  major  determinants  of  meteorological  conditions  conducive 
to  blister  rust  infection  on  the  specific  areas. 

Several  kinds  of  data  that  logically  might  be  included  in  analyses 
of  factors  pertaining  to  blister  rust  incidence  were  deliberately  excluded. 
Not  included  were  slope  direction  and  slope  steepness,  general  type  and 
density  of  vegetation,  species  and  frequency  of  ribes  plants,  tree  species 
composition,  age  class,  crown  class,  and  density  class  of  timber,  and 
type  and  degree  of  recent  vegetative  disturbance.     All  of  these  factors 
are  more  or  less  of  a  strictly  local  nature;  the  factors  selected  for 
experimental  analysis  were  all  concerned  with  broad  movements  of  and 
changes  within  air  masses.     All  factors  used  in  the  analysis  can  be  com- 
piled from  existing  records  or  from  maps.     The  reported  method  is  strictly 
a  records  approach  and  in  no  way  an  instrumental  one. 
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The  geographic  and  physiographic  variables  selected  as  independent 
(  'X'')  variables  in  the  preliminary  analyses  may  be  defined  as  follows: 


1.  Altitude  of  infection  center  vas  estimated  from  topographic 
maps,  scale  1  to  125,000,  of  the  U.S.  Geological  Survey.     Each  infected 
area  vas  generalized  to  a  dot  on  a  topographic  map  after  studying  all 
available  scouting  records  and  ranger  district  maps.    Altitude  vas 
expressed  and  handled  in  statistical  analyses  as  units  of  100  feet. 

Pine  infection  on  the  Eldorado  National  Forest  vas  hnovn  from  about 
3,750  feet  to  about  6,250  feet  in  altitude.     The  actual  year  day  of  such 
infection  is  seldom  or  never  known.     In  general,  altitudinally  lover 
infection  areas  must  result  from  later  fall  storms  than  higher  rust 
areas  owing  to  the  strict  requirements  of  high  humidities  and  cool 
temperatures  for  pine  infection  and  the  occurrence  of  these  requirements 
at  higher  altitudes  sooner  in  the  fall  than  at  lover  altitudes.  Thus 
variation  of  altitude  within  a  single  forest  is  considered  of  question- 
able value  in  attempts  to  define  infection  intensity  from  topographic 
factors . 

2.  latitude  is  expressed  in  terms  of  number  of  townships  north 
of  Mt.  Diablo  Meridian. 

3-     Longitude  is  expressed  in  terms  of  ranges  east  of  Mt.  Diablo. 

h.     Canyon  size  was  the  computed  approximate  area  of  the  right 
triangle  determined  by  (a)  the  point  of  infection  represented  by  a  dot 
on  the  topographic  map,  (b)  a  hypothetical  vertical  line  directly  above 
this  map -dot,  and  (c )  a  line  on  the  map  from  the  dot  to  the  ridgetop  to 
the  north  of  the  infection.     This  line  on  the  map  was  dravn  at  an  approx- 
imate right  angle  to  the  generalized  direction  of  stream  flov  in  the 
canyon.     The  plane  area  of  the  described  hypothetical  right  triangle 
vas  computed  from  (a)  the  scaled  line  dravn  from  the  point  of  infection 
to  the  ridgetop,  and  (b )  the  vertical  difference  in  altitude  between 
the  point  on  the  ridge  to  the  north  vhere  the  line  crossed.  Each 
measurement  vas  recorded  in  units  of  100  feet. 

The  approximate  cross  sectional  area  of  the  vhole  canyon  might  have 
been  used,  but  ve  chose  to  use  the  northerly  half-canyon  because  vinds 
during  fall  storms  probably  blov  somevhat  across  the  average  canyon  in 
the  central  Sierra  Nevada,  southwesterly  to  northeasterly,  rather  than 
more  easterly  and  directly  up  most  canyons.     Air  masses  pushed  up  a 
canyon  in  this  manner  might  tend  to  spill  out  of  the  canyon  over  the 
northerly  ridge  in  places  vhere  it  vas  low  but  not  do  so  over  an 
equally  lov  spot  in  the  southerly  ridge  because  of  the  presumed  move- 
ment of  air  from  the  southerly  direction. 

5«     Canyon  size,  vest.     Canyons  and  stream  basins  measured  as 
described  above  at  rust  infection  centers  usually  are  secondary,  ter- 
tiary, or  smaller  canyons.     The  size  of  the  canyon  of  the  major  drain- 
age to  the  vest  of  the  infection  area--to  vhich  the  smaller,  infected 
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canyon  is  tributary --and  the  relationship  between  the  sizes  of  these  two 
canyons  might  also  affect  meteorological  conditions  of  specific  areas  in 
the  rust -infected  tributary  canyon.     For  this  reason  the  approximate 
cross  sectional  area  of  the  northerly  half -canyon  of  the  major  drainage 
9  to  11  miles  air  line  westerly  down  the  drainage  from  the  infection 
center  was  also  computed.     Some  slight  leeway  in  the  precise  spot 
selected  to  measure  the  lai'ger  canyon  was  found  desirable  because  of 
occasional  need  to  obviate  topographic  complications.     We  believe  that 
major  canyon  measurements  made  with  this  leeway  are  more  representative 
of  the  air  drainage  pattern  in  the  canyons  than  if  one  precise  distance 
to  the  west  had  been  used. 

6.     Canyon  bearing  was  recorded  as  the  generalized  compass  reading 
up,  or  down,  the  canyon  from  the  point  of  pine  infection.     When  mountain 
canyons  function  in  air  drainage  during  storm  periods  in  the  fall,  the 
directions  of  the  canyons  and  the  relationship  of  the  bearings  of  the 
major  and  tributary  canyons  are  presumed  important  in  determining  type  and 
intensity  of  air  movement. 

7-     Canyon  bearing,  west  is  the  generalized  bearing  of  the  major  drain- 
age canyon  9  "to  11  miles  westerly  down  the  canyon  from  the  infection  center. 

3.     Canyon  gradient  is  the  computed  rate  of  fall  in  the  bed  of  the 
drainage,  in  vertical  feet  per  mile  air  line,  from  the  infection  center  to 
the  place  of  canyon  measurement  9  "to  11  miles  westward  down  the  drainage. 

9-     Distance  from  valley  edge.     The  shortest  air  line  distance  westerly 
from  the  infection  to  the  eastern  edge  of  the  great  interior  valley  of 
California  was  recorded  in  miles.     The  eastern  edge  of  the  valley  was  con- 
sidered to  be  the  generalized  200-meter  contour  line  on  the  San  Francisco 
Bay  Sheet  (North  J-10,  scale  1  to  1  million),  U.S.  Geological  Survey,  Inter- 
national Map  of  the  World.     Because  the  Sierra  Nevada  has  a  southeast -north- 
west trend,  the  direction  to  the  closest  spot  on  the  edge  of  the  valley 
commonly  was  southwesterly. 

Statistical  Treatment  of  Data 

Multiple  regression  was  used  in  our  analyses.     Logarithms  and  similar 
''transformations''  were  often  used  as  code  numbers  in  the  regression  analyses 
to  represent  the  actual  arithmetic  data  because  biological  data  commonly  fit 
curves  better  than  straight  lines  (Snedecor,  193o>  PP«   308-312).     The  depend- 
ent (Y),  or    'answer,"  variable  was  always  the  percent  of  examined  sugar  pine 
trees  found  infected  with  blister  rust. 

Table  2  summarizes  means  and  limits  of  data  from  the  Ik  infection 
areas  which  entered  the  first  series  of  statistical  analyses,  and  lists 
correlation  coefficients  (r's)  between  the  several  independent  (Xj 
variables  and  the  dependent  (Y)  variable.  With  12  degrees  of  freedom- - 
sets  of  data  from  ih  areas --the  5  percent  level  of  significance  of  each 
correlation  coefficient  (r)  is  0.532,  the  1  percent  level  is  0.66l,  and 
the  0.1  percent  level  is  O.78O.     The  correlation  of  Y  with  the  logarithmic 
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transformation  of  canyon  size  at  site  of  infection  (r  =  .76^6)  closely 
approaches  the  0.1  percent  level  of  significance. 

Table  3  summarizes  correlation  coefficients  (r's)  and  standard 
partial  regression  coefficients  for  a  regression  equation  of  the  four 
most  promising  independent  variables  with  Y,  the  percent  of  trees  infected. 
These  four  X  factors  were  (a)  size  of  canyon  at  point  of  infection,  (b) 
bearing  of  canyon  at  infection,  (c)  miles  east  from  valley  edge,  and  (d) 
latitude.     A  regression  analysis  resulted  in  an  R^  of  0.6Qh  and  a  multiple 
correlation  coefficient,  R,  of  0.827-     This  indicates  that  about  68  percent 
of  the  variation  in  the  Ik  sets  of  processed  data  is  due  to  these  four 
factors . 

An  inspection  of  infection  centers  in  the  field  and  of  records  of 
infections  in  the  office,  both  within  the  area  of  study  and  in  areas 
farther  north,  showed  that  many  of  the  heavily  infected  spots  were  not  only 
along  streams,  but  were  in  the  drainages  of  southwesterly  flooring  streams. 
These  canyons,  in  general,  would  be  the  ones  that  would  be  relatively  more 
important  as  wind  passes  during  fall  storms  from  easterly  moving  centers  to 
the  north  of  the  study  area.     With  this  in  mind,  some  analyses  are  concerned 
only  with  those  infections  in  canyons  and  drainages  with  downstream  bearings 
(approximately)  from  south -southwest  to  west.     This  restriction  on  drainage 
direction  reduced  the  number  of  canyon  infections  in  this  second  analysis 
from  1^4-  to  3. 

Down  canyon  bearings  for  this  second  set  of  analyses  were  tabulated  as 
degrees  west  from  south  and  were  commonly  handled  in  curvilinear  transformation 
as  the  tangent  of  the  difference  between  90°  (due  west)  and  the  canyon  bearing. 

Table  k  summarizes  correlation  coefficients  between  five  physiographic 
variables  and  the  observed  percentages  of  infection  in  these  eight  areas. 
With  the  exception  of  canyon  size  at  site  of  infection,  correlation 
coefficients  in  this  more  closely  selected  group  are  appreciably  higher 
than  those  of  the  more  general  group.     For  these  eight  infection  centers, 
mathematical  transformations  of  the  four  most  promising  X  factors,  (a) 
canyon  bearing  at  point  of  infection,  (b)  canyon  size  at  site  of  infection, 
(c)  canyon  size  10  miles  west  of  infected  area,  and  (d)  canyon  bearing 
10  miles  west  of  infected  area,  were  used  in  further  analysis. 

Table  5  summarizes  computations  for  determining  total  correlation  (R) 
for  the  canyon  size  and  canyon  bearing  factors  listed  in  table  h.  The 
total  correlation  of  O.9076  indicates  that  within  this  restricted  group 
of  blister  rust  infection  centers,  more  than  82  percent  of  the  variation  in 
infection  can  be  explained  by  the  four  canyon  factors  concerned. 

Conclusions  and  Recommendations 

The  correlations  found  between  canyon  physiography  and  occurrence  of 
blister  rust  strongly  indicate  that  a  records  approach  to  prediction  of 
future  rust  incidence  in  this  part  of  California  could  be  useful  in  plan- 
ning control  work,     local  vegetational  conditions  are  inevitably  involved 


in  pine  infection  intensity,  but  temperatures  and  humidities  in  the 
central  Sierra  Nevada  in  the  fall  are  largely  determined  by  broad  storm 
patterns  interacting  with  prominent  physiographic  features. 

If  6  to  10  blister  rust  infected  areas  are  ever  found  on  the 
Eldorado  National  Forest  south  of  Plummer  Ridge,  they  should  be  subjected 
to  an  analysis  such  as  reported  in  this  paper.     Likewise ,  if  a  similar 
group  of  infection  areas  is  ever  found  on  the  Stanislaus  National  Forest, 
these  centers  also  should  be  subjected  to  analysis. 
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Table  1. --Location  and  physiography  of  14  blister  rust  infection  centers, 


Eldorado  National  Forest 


Infection  center 


Sec- 
tion 


Town- 
ship 
north 


Range 
east 


Esti- 
mated 
alti- 
tude 


Up-     : North 
can-  :half- 
yon     : canyon , 
bear 7 : size 
ing—  : index 


Can- 
yon 
grad- 
ient 


Infec- 
tion 


Feet 
per 


2/ 

Chipmunk  Creek— 

11 

Ik 

13 

Feet 
5,375 

9 

28 

mile 
310 

Percent 
2.16 

2/ 

Goggins  Mine-' 

22+ 

Ik 

13 

4,550 

0 

144 

256 

7.19 

2/ 

Middle  Meadows— 

24 

Ik 

13 

4,950 

6  . 

334 

210 

4.52 

Georgetown  Ditch 

28 

13 

14 

5,150 

55 

42 

248 

3.89 

Spanish  Jay  Creek 

28 

13 

Ik 

5,000 

61 

88 

238 

2.56 

2/ 

Wildcat  Meadow- 

11 

13 

13 

5,275 

18 

25 

342 

2.48 

Little  Wallace 
Canyon 

16 

13 

13 

5,000 

60 

7 

323 

1.00 

Big  Grizzly 
Creek-7 

28+ 

13 

13 

4,650 

35 

37 

314 

1.91 

2/ 

Plum  Creek- 

1 

12 

13 

5,125 

50 

3 

190 

0-50 

Pilot  at  Honey 
Creek- 

10 

12 

13 

4,550 

30 

17 

189 

0.32 

East  Beanville 
Creek 

11 

10 

15 

6,250 

100 

20 

300 

2.17 

Camp  Creek 

3 

9 

15 

6,200 

79 

61 

215 

3.75 

2/ 

Van  Horn  Creek— 

4 

9 

Ik 

5,000 

32 

23 

283 

1.00 

"Section  9"  Creek 

9 

9 

Ik 

5,150 

85 

12 

314 

0.67 

Means 

12.0 

13-6 

5,159 

44.3 

63.6 

266.6 

2.436 

degrees  clockwise  from  45°  (northeast). 

2/    Data  from  these  eight  infection  centers  only  enter  the  second  set 
of  analyses. 


-8- 


Table  2. --Limits  and  means  of  data  and  correlation  coefficients  (r's) 

"between  selected  physiographic  factors  and  percent  sugar  pine 
trees  infected—    for  14  infection  centers ,  Eldorado  National 
Forest 


Statistical  summary  of  field  data 

Correlation  coef- 
ficients with  Y. 
percent  of  trees 
infected 

Physiographic  factor 
( independent  variable ) 

Lowest 
measure  - 
ment 

.Highest 
' measure  - ' 
\  ment 

Arith- 
metic 
mean 

Trans  - 
' formation 
[ mean— 

Aritli-  : 
metic  : 
data  • 

Trans  - 

formation 

data^/ 

Canyon  size- at  infection  3-0 

Til,  r\ 

334. 0 

Co  £ 
o3  •  O 

1. 500 

+  ^375 

+.7646 

Canyon  size,  west 

90.0 

860. 0 

353-7 

2.462 

+.1667 

+.2739 

Canyon  bearing  at 
infection3/ 

0.0 

100-0 

44-3 

0.6o4 

■  -  3753 

.  4782 

Canyon  bearing,  west 3/ 

30.0 

79-0 

53.9 

O.63I 

-.2196 

-.1958 

Miles  to  valley  edge 

31.6 

ko.  5 

36.  k 

1.  560 

+.4617 

+.4678 

Latitude  (Tps.  M  ) 

8.8 

13.8 

11.6 

1.06l 

+•3739 

+.3579 

Canyon  gradient 

189.O 

342.0 

266.6 

2.407 

+•1433 

- . 1114 

Altitude 

45-5 

62. 5 

51.6 

1.711 

-.0184 

-.0360 

1/  Percent  of  trees  infected  ranged  from  O.32  to  7-19?  and  averaged 
2.44.  \_ 

2.   Canyon  bearings  "^trans formed"  from  compass  readings  to  trigonometric 
sines,  all  other  independent  (X )  variables  handled  as  logarithms.  The 
dependent  variable  (Y)  was  always  actual  percent  of  trees  infected  with 
blister  rust. 

3/   Bearings  of  generalized  up -canyon  directions  were  recorded  as 
degrees  clockwise  from  45°  (northeast). 


Table  3- --Correlation  coefficients  and  partial  regression  coeffi- 
cient s  from  analysis  of  four  factors,  transformed  data— ^ , 
l4  coefficient  centers,  Eldorado  national  Forest 


:  Standard 

Product 

Correlation 

:  partial 

of 

Independent  variable,  X 

coefficient 

:  regression 

coeffi- 
cients- 

with  Y^- 

:  coefficient 
:  with  Y— 

Canyon  size  at  infection 

+.7646 

+.4893 

+.3741 

Canyon  bearing  at  infection 

-.4782 

-3650 

+.1745 

Miles  to  valley  edge 

+.4678 

+.4356 

+.2038 

Latitude  (Township  north) 

+•3579 

- . 1923 

-.0633 

1/  See  footnote  to  table  2  for  type  of  data  transformations. 

2/  Y,  the  dependent  variable,  is  actual  percent  of  trees  infected 
with  blister  rust.  2 

3/  Total  products  of  coefficients,  R  ,  equal  0.6836,  and  the  mul- 
tiple correlation  coefficient,  R,  is  0.32682    If  the  last  item,  Lati- 
tude (townships  north),  is  deleted,  total  R    equals  0-7524,  and  the 
multiple  correlation  coefficient  becomes  0.3674. 
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Table  ^.--Correlation  coefficients  (r's)  oetveen  selected  physio- 
graphic factors  and  percent  sugar  pines_  infected— 1  .  eight 
infection  centers,  Eldorado  National  Forest 


Correlation  coeffi- 

cient with 

actual 

Physiographic  factor 

Type  of  transformation 
for  statistical  purposes 

percent  trees 
infected 

metic  : 

r]  a  +  q 

X  x  dii 0 

formed 

d  a  t  a 

\JLCX  O CX 

Canyon  bearing  at 
infection— 

Tangent  of  difference 

-.8208 

+.8830 

between  canyon  bearing 
and  90° 

Canyon^bearing , 

Tangent  of  difference 

••.4689 

-.6246 

vest- 

between  canyon  bearing 
and  90° 

Canyon  size  at 

Logarithm 

+  .66Vf 

+.757^ 

infection 

Canyon  size,  vest 

Logarithm 

+. 5^60 

+.6023 

Miles  to  valley  edge 

Logarithm 

+.4306 

1/     Percent  of  trees  infected  with  blister  rust  still  ranged  from 
O.32  to  7-19  (see  footnote  table  2),  but  now  averaged  2.51. 

2/     Bearings  of  generalized  down-canyon  direction  were  recorded  as 
degrees  clockwise  from  south.     Due  west  thus  would  have  a  bearing  of  90° • 
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Table  j?. --Correlation  coefficients  and  partial  regression  coefficients 
from  an  analysis  of  four  factors,  transformed  data— ^ ,  eight 
infection  centers ,   Eldorado  National  Forest 


Independent  variable ,  X 


Correlation 
coefficient 
with  percent 
trees  infected 


Standard 
partial 
regression 
coefficient 
vith  percent 
trees  infected 


Products 
of 

coeffi- 
cients— 


Canyon  bearing  at  infection 
Canyon  size  at  infection 
Canyon  size,  west 
Canyon  bearing ,  west 


+.8830 

+.6023 
-.621+6 


+.6716 
+  .2528 
+.0575 
-.0075 


0.5930 
0.1915 
0.0346 
0.001+7 


1/  See  table  k  for  type  of  transformations . 

2/  Total  products  of  coefficients,  R  ,  equal  O.8238,  and  multiple 
correlation  coefficient ,  R  equals  O.9076.     If  the  last  item,  Canyon  bearing 
west,  is  deleted,  total  R^  equals  0.8191,  and  multiple  correlation  coeffi- 
cient, R,  equals  0-9050. 
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